Introduction
Breast cancer is the most common cancer diagnosis among women in developed and underdeveloped countries around the world [1] . With a trend toward follow-up care for patients with breast cancer increasingly being provided by family physicians [2, 3] , primary care practitioners as well as oncologists and breast surgeons need to be aware of the potential sequelae of breast cancer treatments (e.g., upper extremity lymphedema, shoulder range-ofmotion restrictions, arm weakness).
One outcome of breast cancer treatment that is even more common than lymphedema but has been far less studied or described in the peer-reviewed literature, is the axillary web syndrome (AWS). First described in 2001 [4, 5] , AWS -known also as axillary or lymphatic cording [6, 7] -is a fairly common outcome of axillary lymph node removal as part of the staging for breast cancer, although prevalence figures vary widely among studies that have reported them [4, [6] [7] [8] [9] [10] [11] [12] [13] . Years after it was first reported, AWS continues to be labeled as a 'poorly understood syndrome' [12] with the quality of the evidence describing it based largely on case reports as well as on retrospective and prospective cohort studies.
To inform this review, the following databases were searched from their inception through July 2017: PubMed, EMBASE (OvidSP), CINAHL (Cumulative Index for Nursing and Allied Health Literature), PEDro (Physiotherapy Evidence Database), and the Cochrane Database of Systematic Reviews. Search terms included 'axillary web syndrome', 'axillary cording', and 'lymphatic cording'. A total of 49 articles were identified, 8 of which did not relate to breast cancer and 3 of which were not written in English. Of the remaining 38 articles, the majority were case reports, case series, or descriptive review articles. 2 systematic reviews on AWS were located as well as 1 randomized controlled trial, 6 prospective cohort studies, and 2 retrospective cohort studies.
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The purpose of this review is to define axillary web syndrome (AWS) and describe its diagnosis and management. The following databases were searched through July 2017: PubMed, EMBASE (OvidSP), Cumulative Index for Nursing and Allied Health Literature, Physiotherapy Evidence Database, and Cochrane Database of Systematic Reviews. Search terms included 'axillary web syndrome', 'axillary cording', and 'lymphatic cording'. 49 articles were identified; 8 did not relate to breast cancer, and 3 were not in English. Of the remaining articles, the majority were case reports, case series, or descriptive reviews. 2 systematic reviews were located as well as 1 randomized trial, 6 prospective cohort studies, and 2 retrospective cohort studies. Although a common sequela after axillary surgery for breast cancer staging, AWS has been poorly described in the medical literature as to the underlying pathophysiology, diagnosis, and management. Interventions range from patient education and simple reassurance that the syndrome will resolve spontaneously to active physical or manual therapies to maintain upper extremity range-of-motion, especially adequate motion for undergoing radiation therapy. Oncologists, breast surgeons, family physicians, and oncology nurse practitioners that work with patients with breast cancer should educate them about this prevalent complication and inform them preoperatively about what to anticipate.
Definition of Axillary Web Syndrome
Initially defined as a syndrome 'characterized by axillary pain radiating down the ipsilateral arm, shoulder range-of-motion limitation, and an axillary web of tissue most obvious on physical examination when the patient tries to abduct her arm' [4] , there remains the lack of a gold standard definition for AWS [12] . According to the authors of a recent systematic review of AWS, a web of axillary skin overlies 1 or more cords which have been described as feeling like ropes, bands, tendons, strings (or violin strings), or taut wires ( fig. 1) [13] . These fibrous bands can extend down through the antecubital fossa and further into the volar surface of the forearm and wrist [4, 10] . Typically, AWS occurs within the first 8 weeks after axillary surgery with symptoms resolving within the first 12 weeks postoperatively [12] . However, some investigators have reported appearance [6] or persistence [7] of cording well beyond that 12-week window to as late as 2 years after axillary surgery [6] .
Because shoulder abduction is often impaired by AWS [4, 13, 14] , the upper extremity range-of-motion necessary for undergoing chest and/or axillary radiation therapy may be compromised [12] . In a prospective cohort study of 85 breast cancer patients, Leidenius et al. [13] reported restricted shoulder motion in 16% of those with AWS who had received sentinel lymph node biopsy (SLNB) only and in 64% of patients with AWS who underwent axillary clearance in addition to SLNB.
Prevalence of Axillary Web Syndrome
Across different studies, the prevalence of AWS varies widely. Although the initial study to define and describe AWS -a retrospective chart review -reported a frequency of only 6% [4] , a 2015 systematic review reported rates ranging from 10 to 85.4% across 6 prospective studies [12] . A prospective cohort study involving 964 breast cancer patients that was published subsequent to that review reported an AWS frequency of 35.9% [11] . This rate is roughly comparable to the median frequency rate for the 17 prospective studies included in the earlier systematic review [12] .
Several studies have compared the rates of AWS for women who have undergone SLNB to those of women who have had axillary lymph node dissection (ALND) [6-9, 13, 15] , positing that rates would be lower for the former group because of less disruption of the lymphatic system (as is true also for rates of lymphedema [16] ). Table 1 shows that AWS occurs 1.7-7 times more frequently after ALND than after SLNB.
A recent meta-analysis showed that lymphedema was 3-4 times more frequent among women who had undergone axillary dissection than among those who had received SLNB [16] . Noteworthy also from this meta-analysis was the relatively low overall rate of lymphedema at 21.4% [16] as compared to AWS, with a median frequency of about 36-37% [12] .
Pathology Underlying the Axillary Web Syndrome
In their report on the retrospective chart review in which AWS was first described, Moskovitz et al. [4] speculated that the syndrome resulted from disruption of the superficial lymphatic and blood vessels during axillary surgery. In their histological examination of the cords of 4 patients with AWS, they found dilated, thrombosed lymphatic vessels, or thrombosed superficial veins, or in some cases both.
In a 2015 systematic review of AWS [12] , 5 level IV studies suggested that the underlying histology of AWS was likely due to thrombosed lymphatic vessels, with another study suggesting that the etiology of the cording was secondary to disruption of both veins and lymph vessels, as was initially proposed [4] . Although uncertainty persists regarding a definitive etiology, disruption of the lymphatic vessels was reported more commonly, although venous involvement cannot be ruled out [12] .
Risk Factors for Developing Axillary Web Syndrome
Whereas being overweight or obese is a well-known risk factor for developing upper extremity lymphedema after breast cancer surgery [17] , the reverse appears to be generally true for the development of AWS (i.e., thinner women are at greater risk). In a prospective cohort study involving 85 women with breast cancer, the median body mass index (BMI) for those with AWS was 23 as compared to a median BMI of 26 for those who did not develop the syndrome [13] . In another prospective study of 116 women, mean BMI for those with AWS was 25.1 versus 28.9 for those without AWS [7] , whereas a third prospective study showed that overweight/obese women were 15% less likely to develop AWS than those with a normal BMI [8] . A third but smaller (n = 36) prospective cohort study showed a significant relationship between lower BMI and AWS in univariate analysis [6] . In contrast, a retrospective, descriptive design showed no significant association between AWS and BMI although the women with AWS had a lower mean BMI than those without (27.29 vs. 28.15); the authors commented that their failure to find a difference may have been due to the fact that the vast majority of women in their sample were overweight or obese [10] .
Younger age has been shown also to be a risk factor for developing AWS (or cording) in 4 prospective cohort studies [6] [7] [8] 10] . In that younger women with breast cancer typically have a lower BMI, it has been speculated that age and BMI are related in their risk contributions [7] . As noted in table 1, the number of lymph nodes removed and the extent of axillary surgery (i.e., ALND vs. SLNB) are the main risk factors for developing AWS. In their prospective cohort study of 308 patients with unilateral breast cancer, O'Toole et al. [6] showed in a multivariate analysis that both ALND (p < 0.0001) and younger age at diagnosis (p = 0.0005) were significant risk factors for the development of cording.
Diagnosis of Axillary Web Syndrome
The diagnosis of AWS is usually made clinically, with the cording and restricted range-of-motion often noticed first by the patient herself [9, 18, 19] . Visible or palpable rope-like cords are present in the axilla and the antecubital fossa, and sometimes extend down the forearm and into the wrist [6, 9] . Other diagnostic criteria include accompanying pain and restricted upper extremity range-of-motion, especially in shoulder abduction and elbow extension [7] . If the cords are not readily visible, moving the shoulder into maximal abduction may elicit their appearance [7, 9] . A highly sensitive and specific self-assessment questionnaire was developed recently at the European Institute of Oncology as a screening tool for self-diagnosis by the patient [20] .
In an attempt to characterize and diagnose AWS more definitively, Koehler et al. [18] undertook a prospective study of 36 patients, 17 of whom had been clinically diagnosed with AWS, by taking ultrasound images of the involved cords to compare to mirror images on the opposite uninvolved side. Although ultrasound was unable to identify a specific structure analogous to AWS, the authors concluded that this meant that the cords were not associated with venous thrombosis but more likely represented lymphatic vessels that were tethered together and would thus not be identifiable by ultrasound [18] , a finding corroborated by Leduc et al. [21] in a smaller series of patients based on a combination of clinical signs, ultrasound imaging, and magnetic resonance imaging.
Management of Axillary Web Syndrome
Recommended treatments for AWS are diverse, although often unsupported by research evidence. Management strategies range from simple reassurance that the condition will resolve on its own to preoperative or postoperative patient education about AWS and different types of massage and physical therapies (PT). Several individual case reports have described management of AWS to include: active and passive shoulder range-of-motion exercises incorporating gentle stretching [19, 22] ; mobilization of superficial fascia around the shoulder and trunk [19] ; therapeutic massage combined with passive shoulder range-of-motion (dynamic angular petrissage) [23] ; home shoulder stretching and range-of-motion exercise combined with 300 mg of Aescuven ® Forte (Cesra, BadenBaden, Germany) twice a day for 1 week [24] ; and moist heat to the axilla and medial side of the upper arm [22] .
Only recently has a prospective group intervention study appeared in the literature. In 2016, Cho et al. [25] published a randomized controlled trial comparing the effects of 4 weeks of PT combined with manual lymphatic drainage (MLD) to PT-only for 46 women with AWS. Unfortunately, there was no untreated control group. Both groups showed significant improvements in quality of life, shoulder flexion strength, arm function, and pain with significantly greater improvements in pain and arm volume reductions for the PT + MLD group [25] . The inclusion of MLD as an intervention and arm volume as an outcome measure is somewhat puzzling, as prospective cohort studies have shown that AWS is not a risk factor for development of lymphedema [9, 11] .
Although a 2017 systematic review concluded that PT was effective in improving shoulder range-of-motion, resolving pain, and reducing the appearance of cording in patients with AWS [26] , that review was based on only 4 studies, 2 of which were individual case reports. The authors concluded correctly, however, that additional randomized controlled trials are needed to examine the effects of PT [26] .
Future Research Directions
Despite being described more than 15 years ago, there has been very little interventional research to determine if manual therapies for AWS are effective or if they are even necessary. To answer these questions, randomized trials comparing a no-treatment control group to PT and/or massage or to patient education/reassurance that the syndrome will resolve are needed.
Further studies are needed also to determine the exact etiology and pathophysiology of this understudied syndrome in an effort to elucidate what types of therapeutic or pharmacological treatments might be most beneficial as well as whether or not it could be prevented.
Conclusion
AWS remains a poorly understood condition that continues to mystify the patients that experience it as well as their health care providers [27] ; AWS has been reported to be a more common sequela of SLNB/ALND than lymphedema, infection, or seroma [28] . Because this syndrome can develop after a patient's last surgical follow-up visit [22] , it is important that family physicians, as well as oncologists and surgeons, be able to clinically diagnose the syndrome so that they can reassure their patients that the condition is usually self-limiting [29] and make referrals to a physical therapist if the patient's range-of-motion is especially compromised or if she is experiencing pain during everyday activities.
Based on the limited treatment research published to date, it appears that PT (stretching and strengthening exercises and soft tissue mobilization) might improve shoulder function and quality of life and decrease pain in patients with AWS [26] . Future randomized trials should include, however, untreated control groups to definitively support this suggestion.
Oncologists, breast surgeons, and family physicians need to make patients aware of this prevalent complication and inform them preoperatively about what to anticipate. Because primary care physicians have reported being confident in managing anxiety in survivors of breast cancer [30] , their awareness of AWS is paramount as they are increasingly the main providers of follow-up care for these patients. However, in an excellent and very recent review article on follow-up treatment for breast cancer written as a practical guide for family physicians, no mention was made of AWS [3] ; this is yet another example of how under-recognized this very common clinical complication actually is and how important it is for oncologists to educate both their patients and their medical colleagues about AWS.
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